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Abstract- Artificial Intelligence (AI) has emerged as a potential alternative to many conventional methodologies
for Heart Sound Analysis, and medical professionals can utilize its techniques for the diagnosis of cardiac
problems using heart sound analysis software. In this paper, we present recent advancements made using Al
techniques for heart sound analysis implementation as well as its advantages over conventional approaches,
and finally how this analysis can increase both quality and quantity of heart sound data collection are discussed.
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I. INTRODUCTION

Heart Sound Analysis (HSA) is a diagnostic technique
used to detect cardiac issues by analyzing the sounds
produced by the heart. These sounds result from
opening and closing heart valves as well as blood flow
fluctuations inside of it. By studying these sounds,
healthcare professionals can detect abnormalities in
cardiac functioning as well as diagnose various cardiac
disorders [1]. HSAs were traditionally performed by
healthcare professionals such as cardiologists or
trained nurses using tools such as stethoscopes and
other diagnostic tools. With recent advances in
artificial intelligence, automated processes for
analyzing heart sounds are now possible - increasing
both speed and accuracy of diagnosis [2]. Al-based
HSA uses machine learning algorithms to analyze
heart sounds and detect abnormalities in cardiac
functioning. These algorithms are trained on large
datasets of heart sounds annotated by healthcare
professionals as evidence of different cardiac
disorders; by analyzing these datasets, the algorithms
learn to recognize patterns associated with various
cardiac conditions [3]. Al-based HSA stands out by
quickly and accurately processing large volumes of
data, making real-time cardiac disorder diagnosis
possible - even during emergency situations when
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every second counts. Furthermore, less experienced
healthcare professionals like nurses or medical
technicians can perform it to make it more accessible
and cost-effective [4]. Al-based HSA holds enormous
potential to transform cardiac diagnosis by increasing
speed and accuracy while increasing accessibility and
decreasing costs. As it evolves and improves, it may
become an ever more valuable tool in diagnosing and
treating cardiac disorders.

II. BACKGROUND

Heart sound analysis is a diagnostic technique that
involves recording and examining the various sounds
produced by the heart during each cardiac cycle, such
as first heart sound (S1), second heart sound (S2), third
heart sound (S3) and other sounds such as fourth heart
sound (S4). By analyzing these sounds healthcare
professionals can gain valuable insights into patients'
cardiac conditions as well as identify various forms of
cardiac problems like valvular heart disease, heart
failure and arrhythmias [5]. Historically, heart sound
analysis was performed manually by trained
healthcare professionals using stethoscopes or other
acoustic devices like sonograms. This process could
often take hours and was highly subjective as its
precision depended upon their experience and
expertise when conducting analysis. Furthermore,
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human error may cause inconsistent results to come
through from this manual method of examination [6].

Recent advances in technology, such as digital
stethoscopes and  artificial  intelligence-based
algorithms, have made heart sound analysis more
efficient, accurate, and accessible [7]. Digital
stethoscopes capture high-quality heart sounds that
can then be processed using special software and
algorithms for detection of abnormalities; Al
algorithms can analyze large volumes of heart sound
data to detect patterns that indicate different cardiac
disorders. Digital stethoscopes and Al-based
algorithms used for heart sound analysis offer
numerous advantages over manual methods, reducing
diagnosis times and treatment time significantly while
being less subjective due to objective criteria being
used in analysis instead of interpretation by healthcare
professionals[8]. Finally, less experienced healthcare
providers such as nurses or medical technicians can
use them more easily, increasing accessibility while
simultaneously decreasing costs. Overall, technology's
role in heart sound analysis holds great promise to
transform cardiac diagnosis by increasing accuracy,
speed and accessibility of diagnosis. As technology
develops further and improves, heart sound analysis
may become an increasingly effective means for
diagnosing and treating cardiac disorders.

III. RECENT ADVANCEMENTS IN HAS USING
Al

Al has revolutionized heart murmur analysis by
increasing accuracy and efficiency. Machine learning
approaches such as frequency classification from
recordings have made it possible to automatically
detect specific types of heart murmurs or diagnose
heart disease more accurately than ever. Convolutional
Neural Network (CNN) heartbeat analysis is just one
example of Al's use to improve heart murmur analysis
[9]-[11]. CNNs are deep learning algorithms capable
of automatically extracting and classifying features
from heartbeat recordings automatically - such as S3
and S4 tones that indicate heart failure - with
incredible precision. When trained on large datasets of
heartbeat recordings, CNNs learn how to detect subtle
variations in heart sounds that indicate different types
of heart murmurs or cardiac disorders. Another
example is heart sound classification with a Support
Vector Machine (SVM)[12], [13]. An SVM is a type
of machine learning algorithm that can be trained on

large datasets of heartbeat recordings to recognize
specific patterns, making this approach particularly
helpful in detecting murmurs as signs of valvular heart
disease, an increasingly prevalent cardiac condition.
SVMs have proven effective at accurately recognizing
different types of murmurs so healthcare providers can
effectively diagnose and treat valvular heart disease
more efficiently. Overall, Al in heart murmur analysis
holds great promise to enhance both accuracy and
efficiency of cardiac diagnosis and treatment. As these
technologies advance further and become more
sophisticated, they could become ever more
instrumental tools in managing cardiac disorders.

IV. BENEFITS OF AI-BASED HEART SOUND
ANALYSIS

Al-powered heart murmur analysis offers many
advantages over manual approaches. One key benefit
is its rapid analysis capabilities; automated algorithms
can quickly and reliably analyze large amounts of data
quickly, drastically decreasing diagnostic time and
costs compared to manual analysis methods [14]. This
efficiency is especially advantageous in emergency
situations where every second counts as well as busy
healthcare settings where healthcare professionals
may lack time for manual evaluation. Al-based heart
murmur analysis offers another advantage over human
analysis in that it reduces human error [ 15]. Automated
algorithms use machine learning and deep learning
approaches to detect variations in heart sounds that
doctors might miss, improving diagnostic accuracy
and reliability - particularly important when
diagnosing cardiac disorders with subtle symptoms
that present themselves over time. Al-powered heart
murmur analysis also increases access to diagnostic
services in remote or underdeveloped regions where
healthcare professionals may be scarce. Automated
algorithms can be utilized by less experienced
healthcare providers such as nurses or medical
technicians in performing basic cardiac diagnosis and
triage - thus increasing accessibility while decreasing
costs [10]. Al-powered heart murmur analysis holds
great promise to revolutionize cardiac diagnosis and
treatment by increasing accuracy, speed, and
accessibility of diagnosis. As these technologies
advance and become increasingly accessible they may
become invaluable tools in remote or underdeveloped
regions where access to healthcare professionals may
be limited.

V. CONSTRAINTS IN AI-BASED HEART SOUND
ANALYSIS
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Al-based heart sound analysis has shown promise in
terms of increasing accuracy and efficiency when
diagnosing heart disease; however, some restrictions
must also be noted. Some of these include [9]-[12]:

A. LIMITED DATA ACCESS

For artificial intelligence systems to work effectively,
they require access to large volumes of data for
learning purposes. Unfortunately, however, the limited
supply of high-quality heart sound data available for
training algorithms can significantly diminish
accuracy in results.

B. VARIABILITY IN HEART SOUNDS

Heart sounds vary significantly with age, gender and
body type - making it challenging for artificial
intelligence systems to classify them properly for
patients suffering from complex cardiac diseases.

C. LACK OF STANDARDIZATION

As there is currently no uniform method for recording
heart sounds, any discrepancies in data that needs to
be fed into Al algorithms could introduce errors that
compromise results and limit its application in medical
environments.

D. RELIANCE ON EXTERNAL FACTORS

Ambient noise and quality of recording devices are
two external variables that may impede Al algorithms
and lead to unexpected or incorrect results, thus
restricting their applicability in real situations.

E. ETHICAL CONSIDERATIONS

Al applications within healthcare raise ethical
considerations surrounding patient privacy, informed
consent and algorithmic bias that must be properly
addressed for its responsible implementation and use
in cardiac analysis using Al algorithms.

Artificial Intelligence-based heart sound analysis has
shown great promise in improving accuracy and
efficacy of diagnosing heart disease; however, it still
has some drawbacks that should be taken into account.
These include inconsistency between recordings,
variability of heart sounds produced during analysis,
external influences like external noise pollution
affecting performance as well as ethical
considerations. To maximize Al-based cardiac
ultrasound analysis to optimize diagnosis and
treatment outcomes it is crucial that these drawbacks
be addressed by developing solutions; future research

should aim at creating standard procedures for heart
rate recording/analysis as well as addressing ethical
concerns related to Al usage so Al-based cardiac
ultrasound analysis can be used safely and
successfully.

VI. INCREASE QUALITY AND QUANTITY OF
HEART SOUND DATA

Collecting quality heart sound data is vital to creating
accurate Al algorithms for heart murmur analysis.
Here are a few strategies that can help improve both
quantity and quality [7]-[9].

A. STANDARDIZING DATA COLLECTION

Ensuring consistent and quality data needed for
training Al systems requires standardizing techniques
for collecting heart sound data. This involves
standardizing recording methods, microphone
placement and subject position during recording
sessions.

B. COLLABORATION BETWEEN HEALTHCARE
PROFESSIONALS AND RESEARCHERS

Collaboration between physicians and researchers
ensures that heart sound data are collected uniformly
and consistently across medical facilities, by setting
guidelines for data collection and analysis and sharing
the collected information among different facilities.

C. USE OF HIGH-QUALITY RECORDING
DEVICES

Utilizing high-quality recording devices such as
digital ~auscultation systems and electronic
stethoscopes can significantly enhance heart sound
recordings by eliminating noise and abnormalities that
interfere with their interpretation.

D. RECORD HEARTBEATS TO INCREASE
SAMPLE SIZE

To improve Al systems' accuracy and reliability,
recording more heartbeats from various population
groups as well as patients suffering from various heart
conditions is key. To do this successfully. We collect
data from different people living across various
regions.

E. DATA AUGMENTATION

Artificial intelligence systems can be strengthened
through data enrichment techniques that introduce
noise or alter pitch/tempo of heart sounds.
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F. CROWDSOURCING

Crowdsourcing allows heart murmur information to be
collected from a larger number of individuals,
increasing both its quantity and variety for Al
algorithms to work with. This could involve collecting
heart sound information via mobile applications or
web platforms from around the globe.

G. LONG-TERM MONITORING

Al algorithms used for early detection and monitoring
of heart disease may gain from long-term monitoring
of heart sounds, which provides invaluable data
regarding changes over time. Wearable technology or
remote monitoring solutions may assist here.

H. INTEGRATING ELECTRONIC HEALTH
RECORDS (EHRS)

Integrating heart murmur data with EHRs offers a
complete view of patient's heart health while
improving Al heart murmur analysis algorithms'
accuracy.

Enhancing both the quantity and quality of heart
murmur data is vital to developing accurate and
reliable artificial intelligence algorithms for heart
murmur analysis. You can improve its quality and
quantity in various ways, such as standardizing data
collection, working with medical professionals and
researchers, using high-quality recording equipment,
increasing sample size, data augmentation,
crowdsourcing, long-term monitoring or even
integrating electronic health records. In doing so,
further research could improve heart murmur analysis
while ultimately improving patient outcomes and
decreasing the burden associated with cardiovascular
disease.

VII. DISCUSSION

Artificial Intelligence (Al)-powered heart sound
analysis is an emerging area of research aimed at
automating the diagnosis of cardiovascular conditions
through analysis of heart sounds. Al algorithms can be
trained on large datasets of heart sounds to identify
patterns or features indicative of various conditions
such as murmurs, valve disorders or heart failure.
Artificial intelligence for heart sound analysis offers
numerous advantages, namely its speed and accuracy.
Al algorithms can analyze thousands of heart sounds
quickly - much quicker than human experts could.
Furthermore, Al consistently performs at a high level
of accuracy which may reduce chances of

misdiagnosis. Al does have some restrictions when
used for heart sound analysis. One major drawback of
using Al for heart sound analysis is a lack of
standardization in collecting and labeling of heart
sound data, leading to inconsistencies between
datasets in their performance of Al algorithms.
Furthermore, these Als may not detect rare or unusual
heart conditions not well represented in training data
sets and still cannot fully replace human experts in
diagnosing cardiac conditions, due to being limited in
their ability to incorporate clinical details such as
patient history into analysis. Overall, artificial
intelligence-powered heart sound analysis may offer
great potential in speed and accuracy of heart disease
diagnosis; however, further research must be
conducted to overcome current limitations and ensure
these algorithms can function reliably and efficiently
in clinical practice.

VII. CONCLUSION

Artificial Intelligence-based heart rate analysis holds
great promise in revolutionizing how cardiovascular
disease is detected and treated. Technological
advances will enhance accuracy and effectiveness,
making heart sound analysis more affordable and
accessible to patients. Furthermore, using Al
algorithms increases confidence in results while
decreasing diagnostic subjectivity - as the field
advances it is likely that its use for treatment and
diagnosis of heart disease will grow even further.

REFERENCES

[1] S. Gao, Y. Zheng, and X. Guo, “Gated
recurrent unit-based heart sound analysis for
heart failure screening,” Biomed Eng Online,
vol. 19, no. 1, p. 3, 2020, doi: 10.1186/s12938-
020-0747-x.

[2] S.Li, F. Li, S. Tang, and W. Xiong, “A Review
of Computer-Aided Heart Sound Detection
Techniques,” Biomed Res Int, vol. 2020, p.
5846191, 2020, doi: 10.1155/2020/5846191.

[3] G. D. Clifford et al., “Recent advances in heart
sound analysis,” Physiol Meas, vol. 38, no. 8,
pp.- E10-E25, Aug. 2017, doi: 10.1088/1361-
6579/aa7ec8.

[4] S. Winther et al., “Advanced heart sound
analysis as a new prognostic marker in stable
coronary artery disease,” FEuropean Heart
Journal - Digital Health, vol. 2, no. 2, pp.

122



(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

279-289, Jun. 2021, doi:
10.1093/ehjdh/ztab031.

M. Deng, T. Meng, J. Cao, S. Wang, J. Zhang,
and H. Fan, “Heart sound classification based
on improved MFCC  features and
convolutional recurrent neural networks,”
Neural Networks, vol. 130, pp. 22-32, 2020,
doi:

https://doi.org/10.1016/j.neunet.2020.06.015.

M. Baydoun, L. Safatly, H. Ghaziri, and A. El
Hajj, “Analysis of heart sound anomalies
using ensemble learning,” Biomed Signal
Process Control, vol. 62,p. 102019, 2020, doi:
https://doi.org/10.1016/j.bspc.2020.102019.

M. E. H. Chowdhury et al, “Real-Time
Smart-Digital Stethoscope System for Heart
Diseases Monitoring,” Sensors, vol. 19, no.
12,2019, doi: 10.3390/s19122781.

F. Ali et al, “Detection of subclinical
rheumatic heart disease in children using a
deep learning algorithm on  digital
stethoscope: a study protocol,” BMJ Open,
vol. 11, no. 8, 2021, doi: 10.1136/bmjopen-
2020-044070.

B. Bozkurt, I. Germanakis, and Y. Stylianou,
“A study of time-frequency features for CNN-
based automatic heart sound classification for
pathology detection,” Comput Biol Med, vol.
100, pp- 132-143, 2018, doi:
https://doi.org/10.1016/j.compbiomed.2018.0
6.026.

W. Chen et al.,, “Classifying Heart-Sound
Signals Based on CNN Trained on
MelSpectrum and Log-MelSpectrum
Features,” Bioengineering, vol. 10, no. 6,
2023, doi: 10.3390/bioengineering10060645.

Z. Tariq, S. K. Shah, and Y. Lee, “Feature-
Based Fusion Using CNN for Lung and Heart
Sound Classification,” Sensors, vol. 22, no. 4,
2022, doi: 10.3390/s22041521.

J. Li, L. Ke, Q. Du, X. Ding, X. Chen, and D.
Wang, “Heart Sound Signal Classification
Algorithm: A Combination of Wavelet
Scattering Transform and Twin Support Vector
Machine,” IEEE Access, vol. 7, pp. 179339—
179348, 2019, doi:
10.1109/ACCESS.2019.2959081.

[13]

[14]

[15]

Yaseen, G.-Y. Son, and S. Kwon,
“Classification of Heart Sound Signal Using
Multiple Features,” Applied Sciences, vol. §,
no. 12, 2018, doi: 10.3390/app8122344.

J. Liu, H. Wang, Z. Yang, J. Quan, L. Liu, and
J. Tian, “Deep learning-based computer-aided
heart sound analysis in children with left-to-
right shunt congenital heart disease,” Int J
Cardiol, vol. 348, pp. 58-64, 2022, doi:
https://doi.org/10.1016/j.ijcard.2021.12.012.

Z. Wang, K. Qian, H. Liu, B. Hu, B. W.
Schuller, and Y. Yamamoto, “Exploring
interpretable representations for heart sound
abnormality  detection,” Biomed Signal
Process Control, vol. 82, p. 104569, 2023, doi:
https://doi.org/10.1016/j.bspc.2023.104569.

123



